Low-energy elastic scattering of electrons from the ground state of positronium atoms embedded in weakly-coupled plasmas has been studied within the framework of an effective range theory. Plasma screening effect has been taken care of by screened Coulomb potential. Highly correlated and variationally determined wave functions for − Ps are used to determine the effective range of the ion states. The results for S-wave singlet phase shifts for the incident electron momentum in the range of [0, 0.5] a.u. are reported, to the best of our knowledge, for the first time in the literature.
Introduction
Atomic collision processes in weakly-coupled plasmas (WCP) are currently interesting topic of research [1] [2] [3] (and further references therein). The potential of a test charge in a classical weakly-coupled (collision less) plasma is represented by Debye-Huckel model or screened Coulomb potential (SCP) [1] respectively. This is a good approximation for hot-dense plasmas and low-density warm plasmas. In this work, we focus our attention to the effect of screening of weakly-coupled plasmas on the low energy elastic scattering of electrons from the ground state of positronium atoms (Ps) within the framework of an effective range theory. In vacuum, among others, the low energy elastic scattering of electrons by the positronium atoms was carefully investigated by Ward et al [4] and Igarashi et al [5] . But in a plasma environment, to the best of our knowledge, the elastic phase shifts for electron-positronium scattering have not been reported so far. Recently Kar and Ho [6] 
Theory
The phase shift δ in the singlet electron-positronium scattering is related to the momentum of the incident electron i k by the relation [7] :
where γ is related to the binding energies of 
it can be shown that 0 r is given by [7, 8] 
The constant C can be calculated from the formula [8] 
Results and discussions
Using the ground state energies of − Ps and Ps we first calculate γ which is then used to compute the constant C. In Figure 1(a) we plot C as a function of r, for the Debye length 50, for three different expansions of the wave function (7) . From these figures it is seen that a stable plateau for C exits in the r coordinates ranging from 20 to 45 a. u.. In Figure 2 . From this figure it is seen that C decreases steadily with increasing screening effect. Having determined γ and C, we calculate the scattering lengths and phase shifts by using formula (2) . In Table 1 we compare our present result for the unscreened case with the variational result of Ward et al [4] and close-coupling result of Igarashi et al [5] . The comparison establishes the accuracy of our results for the phase shifts. In the present work, for each D we retain our calculation for the incident electron momentum in the range for which only the elastic channel is open, i.e., below the first excitation threshold of Ps atom. So that effective range theory is expected to yield reasonably accurate results. The overall uncertainties in our reported results are estimated to within 10% for the highest energy reported here. In Table 2 we list the present S-wave singlet phase shifts for elastic
(1 ) e Ps s − − collision in WCP for various Debye lengths. From this table we see that the scattering length increases with increasing screening effect. This is quite expected. Because, the effective scattering area (area of the collision region) placed by the target atom increases with increasing screening effect. As a consequence the total scattering cross section increases. But at the zero energy, scattering predominantly occurs at S-wave, and cross section is proportional to the square of the scattering length. Consequently the scattering length increases with increasing screening effect.
Conclusions
In the present work, we have investigated the plasma screening effect of weakly-coupled plasmas on the low energy electron-positronium elastic scattering using an effective range theory. Effective range theory is very effective for low energy (1 ) e Ps s − − scattering, because the electron affinity of Ps is very small compared with the kinetic energy of the electron inside the Bohr radius (validity of effective range theory in the low energy region [7] ). We have found that the scattering length increases with decreasing Debye length. We report the results for phase shifts for various screening effects for the incident electron momentum in the range for which only elastic channel is open. For the pure Coulomb case, our results compare well with the best results in the literature, with estimated uncertainly within 10% for the highest energy reported in the present work. The results for the screened Coulomb case are reported, to our knowledge, for the first time in the literature. We hope that our results will provide useful information to the research communities in plasma physics, astrophysics and positron physics. 
